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Table 1  Chemical composition of 7B50 aluminum alloy (ω/%) 

Zn Mg Cu Fe Si Zr 

Others 

(each) 

Al 

6.4 2.3 2.1 0.09 0.05 0.12 ¾0.05 Bal. 
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Fig.1  Schematic diagrams of the specimen and experimental devices for water-spray quenching: (a) modified Jominy specimen, (b) assembly 

diagram of the specimen, and (c) experimental devices 
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Fig.2  Measured temperature field during water-spray quenching: 

(a) cooling curves and (b) average cooling rates in 

temperature range of 420~230 ~ 
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Fig.3  Relationship of electrical conductivity and Vickers hardness 

to the distance from the spray quenching surface: (a) 

natural aging for 50 d and (b) natural aging for 50 d 

followed by peak aging treatment 
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Fig.4  Fraction of properties retention along the axial direction of 

modified Jominy specimen 
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Fig. 5  Optical microstructures at different locations from the spray quenching surface of modified Jominy specimen after natural aging for 50 d  

(after etching): (a) 0 mm, (b) 10 mm, (c) 25 mm, (d) 35 mm, (e) 65 mm, and (f) 100 mm 
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Fig.6  SEM backscattered electron images at different locations from the spray quenching surface of modified Jominy specimen after natural 

aging for 50 d (without etching): (a) 0 mm, (b) 10 mm, (c) 25 mm, (d) 35 mm, (e) 65 mm, and (f) 100 mm 
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Fig.7  TEM bright field images at different locations from the spray quenching surface of modified Jominy specimen after natural aging for 

50 d: (a) 0 mm, (b) 10 mm, (c) 25 mm, (d) 35 mm, (e) 65 mm, and (f) 100 mm 

a b 

c 

d e 

f 



�314�                                          �������	
                                            � 48� 

 

 

 

 

 

 

 

 

 

 


 8  
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Fig.8  Identification results of second phases appearing in Fig. 7: (a) SAED pattern of globular phases in Fig.7a recorded near <100>Al,      

(b) EDS result of globular phases in Fig.7a, and (c) SAED pattern of rod-like phases in Fig. 7f recorded near <110>Al 
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Fig.9  TEM bright field images at locations close to the spray quenching surface of modified Jominy specimen after natural aging for 50 d: 

(a, b) 3 mm and (c, d) 6 mm 
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Hardenability and Critical Average Cooling Rates of 7B50 Aluminum Alloy 
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Abstract: The hardenability and critical cooling rates of 7B50 alloy were investigated based on measured cooling curves obtained from the spray 

quenching test on modified Jominy specimen, electrical conductivity and hardness in different aging tempers, and microstructures evolution in 

natural aging temper. Results show that the hardened depth of 7B50 alloy is about 70 mm in natural aging temper while it decreases to 60 mm after 

natural aging for 50 d followed by artificial peak aging treatment with the corresponding average cooling rates in quench sensitive temperature 

range (420~230 S) increasing from 1.55 S⋅s

-1

 to 1.95 S⋅s

-1

, indicating worse hardenability and more quench sensitivity after artificial peak 

aging treatment. During water-spray quenching, the precipitates form firstly on grain/subgrain boundaries and then at some special positions in 

matrix, such as Al

3

Zr particles. The inhomogeneous precipitates on grain/subgrain boundaries are observed at a location of 3 mm from the 

quenching surface with the corresponding average cooling rate of 981 S⋅s

-1

. While inhomogeneous precipitates in matrix are observed at a 

location of 10 mm from the quenching surface with the corresponding average cooling rate of 37.75 S⋅s

-1

. Properties of the alloy at 25 mm from 

the quenching surface have little changed compared with those on the quenching surface and the corresponding average cooling rate at the location 

of 25 mm is 9.34 S⋅s

-1

 which is much smaller than that on the quenching surface. Therefore, during the spray quenching process, the average 

cooling rate of 7B50 alloy thick plates should be controlled to be close to but not less than 9.34 S⋅s

-1

, in order to get excellent and uniform 

properties after quenching and aging. 

Key words: 7B50 aluminum alloy; water-spray quenching; hardenability; cooling rate; microstructure 
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